.
Despite its crucial position, the TriassicJurassic tetrapod transition is poorly known, the main problem being the absence of definitive earliest Jurassic deposits (4, 6) .
These stratigraphic difficulties underlie a range of conflicting hypotheses on the nature of the faunal transition with one extreme suggesting a dramatic, catastrophic turnover (1) and the other suggesting a gradual change spread over tens of millions of years (6) . At the time the first hypothesis was formulated, virtually all the strata described in this report as Early Jurassic were considered Triassic in age (1, 6) . Their reassignment to the Jurassic extended the range of many supposedly Triassic families into the Jurassic, thus decreasing the magnitude of the extinction event at the boundary (6) . Although more recent discoveries of vertebrates (7, 8) have brought the ranges of many Triassic families to near the TriassicJurassic boundary and extended the ranges of many Early Jurassic forms into the Jurassic and Cretaceous (8) , the dearth of welldated earliest Jurassic assemblages has prevented precise dating of the extinctions that occurred at or after the boundary.
We describe four newly discovered diverse vertebrate assemblages within a wellcorrelated earliest Jurassic sequence from Nova Scotia, Canada, which fill this gap.
They are important for four main reasons:
(i) the fossil remains are unusually abundant, (ii) a large range of fossil-bearing facies and paleoenvironments is represented, (iii) a high degree of stratigraphic resolution is permitted, and (iv) toget4er with related assemblages, the pattern of extinctions is plausibly representative of global changes.
The new data permit a much more refined look at the Triassic-Jurassic transition and (29) and Manicouagan dates (27) , and standard ages. Time scale compiled from Webb and Odin and Kennedy (29) . In stratigraphic columns, gray is dominantly cyclic lacustrine sediments, white is dominantly fluvial sediments, and black is extrusive Fig. 1 and Table 1 A faunal list is given in Table 2 . 45% of all continental tetrapod families disappear in or at the end of the Norian (7) (Figs. 2 and 3). Counting families present only at the latest Norian (7), at least 32% of the families are extinct by the Hettangian. This implies an abrupt event. In marked contrast to the rather high levels of origination through the Triassic (7), the Hettangian of the Early Jurassic is distinguished by few if any originations (Fig. 2) 
(19).
Global tetrapod diversity does not gradually regress before the boundary; on the contrary, familial diversity was at its peak in the Late Triassic (Fig. 2) The presence of a large impact structure close in age (Fig. 1) to the Triassic-Jurassic boundary provides an excellent opportunity to test the generality of the impact theory of mass extinction (23, 24) . The Manicouagan impact structure (70 km in diameter) in Quebec, Canada, is one of the largest Phanerozoic impact craters and is energetically equivalent (1030 ergs) to that proposed for the terminal Cretaceous extinctions (25, 26) . However, while tantalizing, it must be noted that due to the large disparity in both defining and dating the Triassic-Jurassic boundary and the large range of dates from the Manicouagan crater (27) , the impact could have occurred near the Carnian-Norian boundary (215 to 225 million years before present), where there is also a significant concentration of extinctions (Fig. 2) . To refine the time of impact, the impact melt rocks must be redated by both 4Ar/39Ar and Rb-Sr techniques, but no radiometric technique will ever provide the necessary resolution to rigorously test the hypothesis of causation. Therefore, stratigraphic sections in Nova Scotia and elsewhere must be searched for debris from the impact with the hope of making an unambiguous stratigraphic link between the vertebrate extinctions, Triassic-Jurassic boundary, and the impact structure (28) .
The Manicouagan impact structure and the Triassic-Jurassic extinctions clearly pose a major challenge to the impact theory of mass extinciions. The impact theory makes the very specific prediction that the exiinc- 
